Abstract The purpose of this study is to evaluate the potential benefits of rib fracture fixation in patients with flail chest and multiple non-flail rib fractures versus conventional treatment modalities. A retrospective reviewed study compared 86 cases which received surgical treatment between June 2009 and May 2013 to 76 cases which received conservative treatment between January 2006 and May 2009. The patients were divided into the flail chest (n=38) and multiple non-flail rib fracture groups (n=124). In the flail chest group, the mechanical ventilation time, ICU monitoring time, tracheostomies, thoracic deformity, and impaired pulmonary function and return to full-time employment were compared. In the multiple non-flail rib fracture group, fracture healing, visual analog scale (VAS) pain score, inpatient length of stay, atelectatic, pulmonary complications, and normal activity-returning time were compared. Patients in the flail chest operative fixation group had significantly shorter ICU stay, decreased ventilator requirements, fewer tracheostomies, less thoracic deformity and impaired pulmonary function, and more returned to fulltime employment. Patients in the multiple non-flail rib fracture operative fixation had shorter hospital stay, less pain, earlier return to normal activity, more fracture healing, less atelectasis, and fewer pulmonary infections. This study demonstrates the potential benefits of surgical stabilization of flail chest and multiple non-flail rib fractures with plate fixation. When compared with conventional conservative management, operatively managed patients demonstrated improved clinical outcomes.
Introduction
Rib fractures are the most common form of thoracic injuries and account for 85 % of closed chest injuries [1] . Thoracic injuries have the second highest mortality among various injuries, which rank after cephalic injuries [2] . Concurrent pathophysiology after rib fractures is often neglected or underestimated, especially those serious respiratory and circulation pathophysiological changes caused by posterior chest wall instability and a flail chest. These changes can lead to respiratory and circulation dysfunctions, which pose great difficulties for clinical treatment [3] . Further, when proper treatment and follow-up is lacking, the complication incidence and death rates of rib fracture patients can increase, and what is worse is that the death risk increases with the increase in patients' age, the number of fractured ribs, and severity of complications and thorax-associated injuries [4, 5] . Many trauma centers maintain the belief that most patients with multiple rib fractures are satisfactorily managed without operative fixation. However, conservative treatment has serious drawbacks-nonoperative treatment algorithms can be complicated by prolonged ventilator support, posttraumatic pneumonia, respiratory insufficiency, and chronic pain from fracture nonunion. These outcomes have resulted in substantial hospital and societal costs [6] [7] [8] .
Several studies have shown clinical benefits from surgical treatment of flail chest in certain patient populations [9] [10] [11] . But, operative rib fixation of multiple non-flail rib fractures is not considered standard management and is not practiced widely. Our study is different from all above studies since they address flail chest only. Most of the multiple non-flail rib fracture (number≥2) patients in our study are broken in one point but along a straight line. Actually, these are the major chunk of all thoracic trauma patients attending to outpatient department (OPD) rather than flail chest. The purpose of this study was to evaluate the potential benefits of rib fracture fixation in patients with flail chest and multiple non-flail rib fractures.
Materials and Methods

Study Design
We retrospectively reviewed 162 multiple rib fracture patients who received treatment at a single institution over a 6-year period. We compared 86 cases which received surgical treatment between June 2009 and May 2013 to 76 cases which received conservative treatment between January 2006 and May 2009. This study was conducted in accordance with the declaration of Helsinki. This study was conducted with approval from the Ethics Committee of Southern Medical University. Written informed consent was obtained from all participants. We excluded head trauma with disturbance of consciousness, associated injuries such as myocardial contusion, which might be adversely affected by general anesthesia, severe associated trauma to other systems, patients with a history of serious cardiac or respiratory disease, thoracic deformity, hepatic dysfunction, chronic renal failure on hemodialysis, cerebral infarction, pregnancy and bleeding diathesis.
Outcome Parameters
Flail chest injuries have been defined by multiple authors as fractures of four or more ribs fractured at more than two sites [12] . In the flail chest group, the primary endpoints of the study were duration of mechanical ventilation and ICU stay. The secondary endpoints were rate of thoracic deformity, rate of tracheostomy, rate of impaired pulmonary function, and return to full-time employment.
In the multiple non-flail rib fracture group, we have repeatedly observed multiple ribs (number≥2) that are broken in one point but along a straight line, causing the patient to have chronic pain and pulmonary complications. Shahram and colleagues found that these patients usually do not have a huge floating segment and do not experience non-integrity of the chest wall and suggested using the phrase Bmultiple non-flail rib fractures or non-flail chest^in these cases [13] . The primary endpoints of the study were duration of hospital stay and returned to normal activity. The secondary endpoints were the number of respiratory complications (pneumonia, atelectasis), rate of fracture healing, and numerical visual analog scale (VAS) pain score 2 months after discharge.
Pain was assessed by VAS pain score 2 months after fixation. Radiologic confirmation of rib fracture and respiratory complications by chest radiography and computed tomographic scan was done. The patients in the outpatient clinic were followed with chest X-ray 2 months after fixation. Patients were examined for chest wall deformity in the form of stove-in chest after treatment and 2 months after discharge. In addition, pulmonary functions (spirometry, treadmill tests) were performed 2 months postoperatively. To know the duration of return to normal activity or full-time employment, we simply asked when the patient was able to return to usual daily activities or original work 6 months after discharge.
Surgical Technique and Approaches
CT scan with three-dimensional reconstruction was particularly useful in evaluating costal cartilage fractures to delineate the surgical incision. A longitudinal incision was made according to different fracture segments (two longitudinal incisions could be made for multiple segmental fractures). Only rib fractures between the levels of ribs 3 and 10 were fixed [14] . Wherever possible, chest wall muscles were preserved, splitting them along the length of their fibers. The periosteum was also preserved, and injuries to the intercostal arteries and nerves were avoided. Repair of visceral lacerations and air leaks, control of bleeding, and evacuation of collections were performed [15] . The fractured ribs were fixed with AO standard 3.5 mm reconstruction plates, and cancellous screws were used. The plates were shaped while the lung was ventilated by use of high tidal volumes. Routine thoracic closed drainage was performed.
Statistical Analysis
The data were analyzed with the SPSS13.0 statistical software. All variables were initially assessed for normality. Group comparisons of proportions were made using chisquare tests, Fisher's exact tests where numbers were small and were reported as numbers (%). Continuously normally distributed variables were compared using Student t tests and reported as mean (standard deviation); non-normally distributed data were compared using Wilcoxon rank sum tests and reported as medians (interquartile range). The P=0.05 was considered statistically significant.
Results
The Data of the Patients on Admission
A total of 253 patients with rib fractures received treatment between January 2006 and March 2013, among which 162 suffered from multiple rib fractures. Participants included 109 males (67.28 %) and 53 females (32.72 %), ranging in age between 17 and 71 years. Mean age was 36.58±12.20. The leading cause of trauma was road traffic accidents (48.77 %). The second most common cause of trauma was fall (34.57 %), followed by assault (16.66 %). The patients were divided into the flail chest (n=38) and non-flail chest (n=124) groups. In the flail chest group, 21 patients received surgical treatment whereas 17 received non-surgical treatment. In the non-flail chest group, 65 received surgical treatment whereas 59 received non-surgical treatment. The characteristics of the patient groups were similar and were presented in Table 1 .
Post-management Data in 38 Patients with Traumatic Flail Chest
The postoperative course, as well as the postoperative morbidity and mortality are listed in Table 2 . Operatively treated patients had shorter intensive care unit stays (7.19±1.67 days vs. 10.29±2.31 days, P=0.016), decreased ventilator requirements (5.71±1.35 days vs. 9.06±3.58 days, P=0.005), and fewer tracheostomies (9.25 vs. 47.05 %, P=0.012). Pulmonary functions (spirometry, treadmill tests) performed 2 months postoperatively showed less impairment in the surgical group (19.04 vs. 58.82 %, P=0.014). Patients were examined for chest wall deformity in the form of stove-in chest after treatment and 2 months after discharge, which indicated less thoracic deformity in the surgical group (14.29 vs. 64.71 %, P=0.002). The patients were asked when they were able to return to usual daily activities or original work 6 months after discharge, which indicated more returned to full-time employment (85.71 vs. 47.06 %, P = 0.014), demonstrating the statistically significant improved results with surgical fixation of flail chest.
As regards the causes of mortality, severe unresolving pneumonia was the causes of death of the one patient who received surgical treatment, while septic shock and pulmonary embolism were responsible for the mortalities in both patients who received non-surgical treatment.
Post-management Data in 124 Patients with Multiple Non-flail Rib Fractures
The postoperative course, as well as the postoperative morbidity is listed in 
Surgical Complications
In our study, one case of post-thoracotomy pain syndrome was reported. No case of fixation failure, fracture nonunion, wound infection, or osteomyelitis was found.
Discussion
Rib fractures are common after trauma. The incidence is reported to be 4-10 % [17] . Patients can be treated at the cardiothoracic, trauma, or orthopedic department. Due to different degrees of attention paid to the disease, controversy on treatment methods still remains. Several physicians believe that thoracic wall collapse and paradoxical respiration are the indications for rib fracture surgery [12, 18] . Meanwhile, the idea of other literature [19] is that, the flail chest and thoracic wall collapse or defects are seen as surgical indications. Granetzny et al. and colleagues demonstrated shorter durations of mechanical ventilation, ICU stay, and hospital stay compared with nonoperative standard of care [20] . Balci et al. and colleagues found a reduction in duration of ventilation and mortality in flail chest patients when compared with conservative treatment [10] . Tanaka et al. and colleagues also found lower pneumonia rates and reduced medical expense compared with nonoperative standard of care [7] . In our study, the mechanical ventilation time and ICU stay time in the surgical group were significantly shorter than those in the nonsurgical flail group. The incidence of thoracic deformity, tracheostomy, and impaired pulmonary function in the surgical group was significantly lower than that in the non-surgical group. The results in the current study were similar to these studies. Long-term disability is reported in over one third of these patients [21] . In our study, return to full-time employment was found to be 85.71 % in the surgical group, whereas it was only 47.06 % in the non-surgical group. This proves the potential benefits of rib fracture fixation in patients with flail chest. However, multiple non-flail rib fracture (number≥2) patients that are broken in one point but along a straight line are the major chunk of all thoracic trauma patients attending to outpatient department (OPD) rather than flail chest. Most of these patients receive non-surgical treatment at an early stage. Although conventional wisdom and practitioner experience indicates that the majority of rib fractures heal without complications or permanent disability, a few clinical studies with short-term and long-term follow-up of nonoperative management have been published. In recent years, there are sporadic reports that nonoperative management has serious weaknesses. Conservative treatment can lead to more complications, a longer disease course and poorer fracture stability. Patients who receive conservative treatment always have a more serious respiratory pain and are reluctant to cough and expectorate, which can cause vital capacity reduction leading to complications such as pulmonary infection and atelectasis [8, 22] . Unstable fracture fixation can cause progressive fracture displacement in the recovery phase, leading to thoracic deformity, vital capacity reduction, and thorax capacity loss [15, 23] . At a later stage, intractable pains often occur in rib fracture patients, which is a main late complication of rib fractures [24, 25] .
The above findings raise the issue of whether the acute management of these injuries, which typically involves pneumatic stabilization and pain control, yields the best short-term and long-term outcomes for these patients. Assessment of short-term outcomes, such as pneumonia, inpatient length of stay, and hospital costs, as well as long-term outcomes, including time loss from work or usual activity and pain and disability assessments, will be necessary [19] . Thus, it has been hypothesized that selected patients without flail chest may benefit from open reduction with internal fixation. In our current study, the non-flail fractured ribs were fixed with AO Standard 3.5 mm reconstruction plates, and cancellous screws were used. Overall, it appears that surgical stabilization with plating resulted in reduced pain, shorter hospital stay, earlier return to normal activity, faster fracture healing, and less complications than conventional treatment alone. In fact, most active academic trauma surgeons have neither performed nor observed a rib fracture operative procedure and are unfamiliar with the literature on surgical indications. We believe that any improvements in pain control and disability would have a proportionately positive effect on the health and economic status of a large number of patients.
Up to now, many devices can work for fixation. Different materials and methods involved in surgical fixation for fractured ribs have been reported [16, 26, 27] . But actually, reliable and effective materials and methods proved by clinical trials are still few. An extensive review by Nirula et al. [12] showed that rib fixation is being performed using six main methods (anterior plates with wire cerclage, anterior plating with bicortical screws, intramedullary fixation, judet strut, Uplates, and absorbable plates). Surgical complications included superficial wound infections, pleural empyemas, wound hematoma, pleural effusion, and osteomyelitis. Fixation [28] . We believe that it is the team approach and adherence to principles of orthopedic instrumentation, minimal tissue stripping, protection of intercostals muscles, pleura, and lung tissue that makes for a successful outcome. In our study, one case of post-thoracotomy pain syndrome was reported. No case of fixation failure, hardware prominence, fracture nonunion, wound infection, or osteomyelitis was found. We acknowledge several limitations of our study. First, this is a retrospective, non-randomized study. Although there was no difference in patient characteristics in the two groups, selection bias was not completely excluded. This has still been further confirmed by cohort comparison or multicenter randomized trial. Second, we did not give optimal time to surgery after injury. This may affect our therapeutic effect. The optimal number of days after injury at which to perform repair whether early or delayed, remains controversial. Several recent reports recommend early intervention in selected patients [19, 29] . Third, our study did not take into account the increased cost for surgical patients. However, it was assessed in the current study that improvements in quality of life could reduce the use of hospital and outpatient resources and increase the potential societal benefit through earlier return to work that has been identified in other studies [30] .
We suggest that surgical fixation is a method of great value in the treatment of flail chest and non-flail rib fractures. In this modality of treatment, stability without deformity of the chest wall was achieved, and patients had less impairment in pulmonary functions, a significantly decreased rate of complications, shorter intensive care unit stays, decreased ventilator requirements, fewer tracheostomies, more returned to fulltime employment, earlier return to normal activity, shorter hospital stay, and less pain as compared to the conservatively managed patients.
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